Many of the earliest ATLAS results based on 2010 LHC data are focused on strong interaction dynamics. This contribution reports on a selection of these results, including minimum bias observables, hard scattering cross sections and the first heavy ion collision data.
Introduction
Since the start of Large Hadron Collider (LHC) operation at √ s = 7 TeV in Spring 2010, the number of collisions produced has grown roughly exponentially with running time. By the end of the 2010 run, a sample of integrated luminosity around 45 pb −1 had been collected, at a peak luminosity of around 10 32 cm −2 s −1 . In addition, the first LHC run with lead ion collisions in November yielded approximately 9 µb −1 at a nucleon-nucleon centre of mass energy of √ s = 2.76 TeV. The ATLAS detector [1] performed well throughout the 2010 run and its response was quickly understood. The results contained in this talk [2] are based on varying sample sizes taken from the 2010 data. LHC physics is an extremely fast-moving field. By the time of writing (May 2011), the 2011 data sample has already reached an integrated luminosity of over 250 pb −1 , such that many of the results here will soon be superceded. For a complete current list of ATLAS publications and preliminary results, see [3] .
Minimum Bias Data
At low luminosities, ATLAS operated a trigger using the Minimum Bias Trigger Scintillators (MBTS), which cover the pseudorapidity range 2.1 < |η| < 3.8 with high efficiency to detect charged particles. Samples collected with this trigger are thus close to an unbiased mixture of all inelastic pp processes. The exception is a lack of acceptance for diffractive dissociation processes pp → pX and pp → XY , where the masses of the systems X and Y are sufficiently small that no particles are produced with Measurements of the total inelastic pp andpp cross sections as a function of centre of mass energy, compared with a variety of models. The ATLAS measurement [4] is also shown and compared with the predictions of the PYTHIA and PHOJET MC models before extrapolation to the unmeasured region ξ < 5 × 10 −6 .
|η| < 3.8. An MBTS-triggered sample has therefore been used to measure the inelastic cross section in the kinematic range ξ = M 2 X /s > 5 × 10 −6 , M X being the larger mass of the two final state systems and s being the square of the centre of mass energy. The result is shown in figure 1 [4] . The uncertainty of 3.5% is heavily dominated by the luminosity measurement. The resulting cross section lies below the predictions of the standard Monte Carlo (MC) models of minimum bias physics, PYTHIA [5] and PHOJET [6] , the latter exhibiting the more significant discrepancy. Extrapolating this result to the total inelastic pp cross section via a factor of 1.11 ± 0.10 allows comparison with a wider range of models, based on Regge phenomenology [5] , a logarithmic cross section growth [7] or a QCD-based approach [8] . Models in all of these categories are able to describe the data.
The characteristics of minimum bias pp events are investigated through the study of the charged particles reconstructed in the Inner Detector. The resulting data provide a precise and powerful tool for the optimisation and tuning of minimum bias MC models. An example inclusive charged particle measurement [9] is shown in figure 2a . The event-normalised distribution in the total number of charged particles with transverse momentum p T > 100 MeV produced within the tracking acceptance |η| < 2.5 is shown. Contributions with up to 200 charged particles are observed, none of the MC models giving a complete description of the distribution. [9] . (b) Central charged particle multiplicities as a function of transverse momentum restricted to azimuthal angles transverse to the leading particle [10] . In both cases, minimum bias pp data are compared with Monte Carlo models.
The charged particle samples have also been used to investigate the underlying event [10] , which accompanies all hard proton-proton collisions due to multiple parton interactions and beam remnant effects. The charged particles in every event are categorised according to their azimuthal angles φ. A 'toward' region is then defined by the φ value of the highest p T track, which strongly correlates with the φ of the hardest scattering in the event. A 'transverse' region is then defined by 60 o < |∆φ| < 120 o , with ∆φ measured relative to the leading track. Little activity associated with the hard scatter is expected in this region and it is thus the most sensitive to underlying event effects. Figure 2b shows the average number of central charged particles (|η| < 2.5, p T > 500 MeV) per event in the transverse ∆φ region. The level of activity is larger than that predicted by the underlying event model in PYTHIA (MC09 tune [11] ) or by HERWIG [12] interfaced to the JIMMY [13] multiple interactions model. An underlying event analysis has also now been performed using calorimeter information with similar conclusions [14] .
QCD Hard Scattering
The ATLAS data taken in 2010 are already more than adequate for the study of a variety of hard processes initiated by the quarks and gluons from the colliding protons. The resulting data are being used to test perturbative QCD and our knowledge of the proton parton densities. First measurements of W and Z production cross sections, which are dominated byfusion, are published in [15] and agree well with predictions, as do measurements of electroweak gauge bosons in association with jets [16] .
In contrast to electroweak gauge boson production, hadronic jet data are primarily sensitive to the proton gluon density via the processes gg → gg and gg → qq. The first ATLAS inclusive jet and dijet data were published using a data sample with an integrated luminosity of a mere 17 nb −1 [17] , by which time, the jet energy scale was already known to 6% and the sample size was sufficiently large to make measurements over a wider kinematic range than has been explored hitherto. An example p T distribution for inclusive jets, also differential in jet rapidity y, is shown in figure 3a . Good agreement is observed with a next-to-leading order (NLO) QCD calculation [18] using the CTEQ6.6 parton densities [19] , the distribution extending to p T = 600 GeV. A double differential dijet cross section as a function of y and the dijet invariant mass is shown in figure 3b. Good agreement with NLO QCD is again observed, with dijet invariant masses of almost 2 TeV being produced. On the basis of these data, world-leading limits have been set on quark compositeness and related models for new physics [20] .
Further analysis of dijet data has been focused on variables which are sensitive to the pattern of QCD radiation. Jet shape measurements [21] quantify the transverse momentum density as a function of distance from the jet seed direction in η − φ space. Azimuthal decorrelation measurements [22] assess the difference in φ between the leading and next-to-leading jets in an event. In both cases, ATLAS data show reasonable agreement with appropriately tuned model predictions. A final category of hard scattering process, direct photon production, is driven doninantly by the subprocess qg → qγ at LHC energies. Meausurements of isolated high p T photon cross sections are shown in three rapidity ranges in figure 4 [23] . Once again there is good agreement with NLO QCD predictions [24] , except in the central rapidity region, where there is evidence for discrepancies at the smallest p T values. This may be attributed to deficiencies in the theoretical treatment of fragmentation contributions or scale choices.
Heavy Ion Collisions
The lead-lead data at √ s N N = 2.76 TeV were taken at a centre of mass energy more than 10 times larger than that of previous measurements at RHIC. ATLAS offers near-hermetic detector acceptance for the comprehensive study of these collisions. The data were triggered using the MBTS and are classified in terms of a 'centrality' variable, which is derived from forward energy flow measurements and is closely correlated with the impact parameter between the two incoming ions, equivalently the number of primary nucleon-nucleon binary collisions. The data contain a promising sample of Z bosons, and a large sample of J/ψ mesons [25] . The latter have been used to confirm the observation of J/ψ suppression relative to appropriately scaled pp yields, becoming more significant for increasingly central collisions, as previously observed at the SPS [26] and RHIC [27] . This result is consistent with the expected phenomenon of colour screening in dense nuclear matter [28] .
The first direct observation of the jet quenching phenomenon [29] has been made by ATLAS [30] , following the reports of closely related effects for high transverse momentum single particle production at RHIC [31, 32] . Here, an imballance between leading and next-to-leading jet energies is observed for the most central collisions, suggesting that the transverse momentum is dissipated as partons move through hot dense nuclear matter, in a manner which is consistent with quark-gluon plasma formation. Figure 5 (top) shows centrality-dependent measurements of the asymmetry A J = (E T 1 − E T 2 )/(E T 1 + E T 2 ) between the transverse energies E T 1 and E T 2 of the leading and next-to-leading jets, respectively, after application of the cuts E T 1 > 100 GeV and E T 2 > 25 GeV. In peripheral collisions, where the outgoing partons pass through minimal nuclear matter, the measured distribution is compatible with that for pp data at √ s = 7 TeV and is well described by a MC model which contains no in-medium effects. In contrast, for the most central 10% of collsions, a clear difference is observed between the lead-lead data and the other distributions. As can be inferred from the consistency between the heavy ion data, the MC model and the pp data for the azimuthal decorrelation between the two jets in Figure 5 (bottom), this is not likely to be caused by higher order radiation. The data therefore provide good evidence for parton energy loss in the nuclear medium.
